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Geometric 
mean 
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diameter 
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1 4 0.65 2.12 0.36 1.80 0.28 
3 7 .87 1.83 .42 1.84 .25 
5 3 .89 2.11 .48 1.77 .28 

Table 2. Fraction of total radionuclide activity collected on each filter. 

No. of Filter A Filter B Filter 
samples Nuclide--- ----- - 

averaged* Range Average Range Average Range 

19 Cet44-Pr144 0.07-0.19 0.11 0.59-0.78 0.73 0.12-0.26 
18 Sb125- .07- .22 .11 .58- .78 .72 .10- .25 

8 Cs137 .08-- .19 .12 .65- .80 .72 .12- .22 
19 Zr"9-Nb95 .06- .20 .12 .61- .77 .72 .10-- .24 
19 Mn'4 .06- .25 .11 .57- .80 .74 .08- .24 
19 Ru"6-Rhl06 .07- .24 .13 .57- .78 .71 .10- .23 

* Because of low activity in some instances, less than 19 samples were averaged. 
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but risk the loss of potentially useful 
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studying airborne particle size distribu- 
accord- tion (1). The individual radionuclides 
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cause of their different retentivities of 
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Differences in the probe counts yielded 
the relative number of particles cap- 
tured by the graded filter between them. 
If a logarithmic distribution for the size 
of particles present is assumed, the 
cumulative percentage of particles in a 
size range plotted against the center of 
the size range in microns can be used 
to characterize the distribution. The 
diameter at which half the number of 

particles have diameters greater than 
the center of the size range and half 
have diameters less was designated the 

geometric mean diameter. The geo- 
metric standard deviation was thus the 
ratio of the 84-percent diameter to the 

50-percent diameter. 
The graded filters, folded in quar- 

ters, were counted for gamma radio- 

activity for a minimum of 900 minutes 
on a 10- by 10-cm NaI crystal in a steel 
shield 15 cm thick (4). The activities 
of each radionuclide on the filter were 
determined by quantifying the gamma 
spectrum by a method which determines 
the net counts in the pertinent peaks 
by subtraction of background gamma 
radiation, by application of multilinear 

equations to correct for mutual inter- 
ferences of the radionuclides, and by 
application of appropriate constants to 
convert counts per minute to pico- 
curies (5). 

To estimate the effective age of ori- 
gin of the fission products captured, the 
ratio of Zr"5-Nb5 to gross beta activity 
was employed. From curves of fission 
yields the effective age of the material 
was then estimated (6). Counting er- 
rors alone limit this estimation to ?20 
days from 400-day-old material. 

Samples collected over 1, 3, and 5 
days at a constant linear air velocity of 
60 cm/sec were obtained between 9 
March 1964 and 20 May 1964. The 
sampler was situated in a non-urban 
area approximately 2 meters above 
ground level. The amount of particu- 
late material collected on the filters 
varied from 60 mg collected during 24 
hours to 476 mg collected over 5 days 
of sampling. The airborne particles en- 
tering the sampler had a geometric 
mean diameter of 0.32 to 0.41 Iu and 
a geometric standard deviation ranging 
from 1.80 to 2.06. The effective age 
of origin of the fission products sam- 
pled varied from 440 to 550 days. 

The average geometric mean diam- 
eters and standard deviations for mi- 
croscopically sized samples are pre- 
sented in Table 1. In no case did 
the probe behind filter C show any 
evidence of particles. The greatest vari- 
ations in particle size parameters oc- 
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Fig. 1. Histogram of particle size distributions based on average geometric mean diam- 
eters and geometric standard deviations for samples collected over 1, 3, and 5 days. 

curred on filter A. Filter B captured 
particles having essentially the same 

geometric mean diameter as particles 
present in the surrounding air. From 
the average values in Table 1, distribu- 
tion curves of particle size were plotted 
on log-probability graph paper. The 

percentage of the total number of par- 
ticles in each interval was plotted in 

histogram form (Fig. 1) with conven- 
ient particle size intervals (0.25 px). 
Variations in the percentage of particles 
retained in any size interval from sam- 
ples collected over 1 to 5 days did not 
exceed 15 percent and in most in- 
stances were not greater than 10 per- 
cent. This variation is due to the inter- 
play of differences in the particle size 
distribution of the incoming aerosol, 
the loading of the filters, and the dura- 
tion of sampling. All particles collected 
on filters C and B had diameters of less 
than 1.5 pu and 1.75 /u, respectively. 
Filter A removed all particles greater 
than 1.75 p, but contained particles 
throughout the entire size range. 

The fraction of the total activity cap- 
tured on each filter for the fission prod- 

ucts emitting gamma radiation is shown 
in Table 2. The range for the fraction 
of individual nuclides retained on indi- 
vidual filters was fairly broad, but aver- 
age values were in good agreement. 
Fractional distributions for individual 
radionuclides were similar on any one 
sample but varied from sample to sam- 
ple, possibly because of meteorological 
variations. Based on average values 
from filters B and C (Table 2), a mini- 
mum of 88 percent of the airborne par- 
ticles emitting gamma radiation was 
associated with particles having diam- 
eters less than 1.75 Ia. At least 70 per- 
cent of the radioactivity was associated 
with particles having a geometric mean 
diameter essentially the same as the 
airborne dust in the area. 

The data are not directly comparable 
to other studies because of differences 
in effective age of origin of the fission 
products sampled, in the particle size 
distribution of the incoming aerosol, 
and in the particle size intervals em- 
ployed (7). If it is assumed that the 
particles remain in the troposphere for 
30 days (8), the effective age of the 
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radioactive material in this study indi- 
cates that it originated in the strato- 
sphere. This study indicates that long- 
lived fission-product activity in air at 
ground level is for the most part asso- 
ciated with airborne material having 
the same diameter as particles prevalent 
in the surrounding air. Studies of strat- 
ospheric activity show such activity to 
be associated with particles of smaller 
size (9). Furthermore, the long-lived 
nuclides present that emit gamma-radio- 
activity show the same particle size dis- 
tribution, indicating that the dynamics 
of transfer of activity from the strato- 
sphere act similarly on these six radio- 
nuclides. 

There were no correlations between 
surface area, weight, and relative num- 
ber of particles and the activity col- 
lected on a filter. This could be because 
the particles containing radioactivity 
amount to a small percentage of the 
total number of particles present. Par- 
ticle size separations were not suffi- 
ciently distinct to determine accurately 
deposition in the pulmonary spaces. 
However, if particle densities from 1.0 
to 2.0 are assumed, pulmonary deposi- 
tion would vary from 25 to 60 percent 
for the majority of radioactive particles 
in this study (10). 
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under the small applied shear stress. 

Under appropriate circumstances syn- 
thetic quartz crystals can be molded 
like putty. If silicates in general can be 
molded in similar fashion, it might be 

possible to form brittle silicate materi- 
als at considerably lower temperatures 
than those now used in glass tech- 

nology. 
Natural quartz is one of the strongest 

of common substances, rivaling tool 
steel in its compressive strength of 20 
kilobars (1). Its strength is increased 
under confining pressure so much that 
at one time Bridgman seriously con- 
sidered using quartz single crystals for 
the second-stage pistons of his high- 
pressure apparatus (2). Despite many 
attempts, quartz is the only material 
which has not been rendered ductile by 
high confining pressure at room tem- 

perature (2, 3). Quartz crystals retain 

high hardness and high strength to 

temperatures of 800? to 1000?C at 
low confining pressure (4). 

At elevated temperatures and mod- 
erate confining pressures, quartz single 
crystals and aggregates have been plas- 
tically deformed, and the mechanisms 
of deformation have been determined 
(5). The strength of quartz has been 
measured in the ductile regime as a 
function of temperature and strain rate, 
at a confining pressure of 15 kb (6), and 
the natural quartz crystals become very 
weak when in the presence of water at 

temperatures of 800?C and above. 

Microscopic analysis of thin sections 

suggests that this weakness is caused 

by the diffusion of water throughout 
the crystal, hydrolyzing the silicon- 

oxygen bonds. In an anhydrous environ- 
ment, natural quartz crystals have high 
strength at least up to 1000?C, the 
limit of our tests. 
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We have now studied in an anhydrous 
environment a large optically clear syn- 
thetic quartz crystal donated by the 
Bell Telephone Laboratories. At low 
temperatures, specimens cut from this 
quartz crystal have strengths similar to 
those of natural crystals. However, as 
the temperature is increased, the 
strength is drastically reduced. 

The transition from high strength to 
great weakness in this synthetic quartz 
is accompanied by changes in the mech- 
anisms of deformation which are read- 
ily apparent when thin sections of speci- 
mens are viewed in polarized light. A 
series of experiments at a constant con- 
fining pressure of 15 kb and strain rate 
of 8 X 10-6 sec' will be used to illus- 
trate this transition with increasing tem- 
perature. At the lowest temperature of 
the series, 200?C, the specimen broke 
at an indicated longitudinal differential 
stress (ma - an) of 45 kb. The thin sec- 
tion exhibited primarily fracture (which 
occurred along basal planes) along with 
a few basal deformation lamellae. At 
300?C considerable plastic flow oc- 
curred prior to fracture, and Fig. lA 
shows this specimen, which has been 
shortened 6 percent by flow at a com- 
pressive stress of 42 kb before breaking 
at one end. The plastic deformation 
occurred primarily by basal slip con- 
centrated in narrow kink bands sub- 
parallel to the quartz c axis. This be- 
havior at 200? and 300?C is typical of 
that observed in natural quartz crystals 
at those temperatures. At 400?C, how- 
ever, the strength was only 1 kb and 
the mechanism of deformation changed 
from basal to predominant prismatic 
slip (Fig. IB). In natural crystals a 
change from basal to prismatic slip has 
also been observed, but at 700?C rather 
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Quartz: Anomalous Weakness of Synthetic Crystals 

Abstract. The strength of a synthetic quartz crystal drops rapidly at 400?C, 
and at 600?C is a hundredfold lower than at 300?C. Large plastic deformations 
can be produced without fracture. The predominant mechanism of deformation 
is translation gliding. The preferred explanation for this anomalous weakness 
is that this synthetic quartz contains water which has hydrolyzed the silicon- 
oxygen bonds. The silanol groups so formed are presumed to be rendered suf- 
ficiently mobile by elevating the temperature to 400?C so that they align them- 
selves in dislocation lines and move through the crystal with the dislocation 

Quartz: Anomalous Weakness of Synthetic Crystals 

Abstract. The strength of a synthetic quartz crystal drops rapidly at 400?C, 
and at 600?C is a hundredfold lower than at 300?C. Large plastic deformations 
can be produced without fracture. The predominant mechanism of deformation 
is translation gliding. The preferred explanation for this anomalous weakness 
is that this synthetic quartz contains water which has hydrolyzed the silicon- 
oxygen bonds. The silanol groups so formed are presumed to be rendered suf- 
ficiently mobile by elevating the temperature to 400?C so that they align them- 
selves in dislocation lines and move through the crystal with the dislocation 


